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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a dielectric 
waveguide line which is used for a transmission line in 
the high density wiring board with high density, coupled 
with other high frequency transmission lines, easily 
manufactured by using a lamination technology and 
whose characteristics are made stable in a high 
frequency region and to provide the wiring board. 
SOLUTION: A dielectric waveguide line 5 is formed with 
a region surrounded by a couple of main conductor 
layers 2, 3 formed in parallel with a dielectric body 1 
inbetween and two-line of viahole groups 4 formed to 
connect electrically the main conductor layers 2, 3, a slot 
hole 7 is formed to at least one of the main conductor 
layers and coupled electromagnetically with a microstrip 
line or a coplaner line. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS : 

[Claim(s)] , , ,. 

rClaim 1] the slot for making one [ at least ] initiative body whorl carry out an electromagnetic coupling 
to the RF transmission line in the dielectric-waveguide track which transmits an electrical signal by the 
waveguide field which was equipped with the following and surrounded by the aforementioned initiative 
body whorl and the aforementioned Bahia hall group -- the dielectric-waveguide track characterized by 
forming a hole The initiative body whorl of the couple formed in parallel on both sides of the dielectric 
The Bahia hall group of the biseriate formed so that between the aforementioned initiative body whorls 
might be electrically connected in the direction of signal transduction at intervals of below a cutoff wave 

[Claim 21 the aforementioned RF transmission line -- from a microstrip line -- becoming -- the 
aforementioned slot -- the dielectric-waveguide track according to claim 1 which is formed in the 
position which stands face to face against a hole, and is characterized by the bird clapper 
[Claim 3] the aforementioned RF transmission line -- from a coplanar track - becoming - the 
aforementioned slot - the dielectric-waveguide track according to claim 1 which is formed in the 
initiative body whorl in which the hole was formed, and is characterized by the bird clapper 
[Claim 4] The wiring substrate possessing the dielectric substrate characterized by providing the 
following a dielectric-waveguide track, and a microstrip line the aforementioned dielectric-waveguide 
track fonns in parallel on both sides of a dielectric - having - and at least one side -- a slot - the 
initiative body whorl of the couple in which the hole was formed The Bahia hall group of the biseriate 
formed so that between the aforementioned initiative body whorls might be electrically connected in the 
direction of signal transduction at intervals of below a cutoff wave length 

[Claim 5] The wiring substrate possessing the dielectric substrate characterized by providing the 
following a dielectric-waveguide track, and a coplanar track the aforementioned dielectric-waveguide 
track forms in parallel on both sides of a dielectric - having ~ and at least one side ~ a slot - the 
initiative body whorl of the couple in which the hole was formed The Bahia hall group of the biseriate 
formed so that between the aforementioned initiative body whorls might be electrically connected in the 
direction of signal transduction at intervals of below a cutoff wave length 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to wiring substrates, such as a 
multilayer-interconnection substrate, a semiconductor package, etc. possessing the dielectric-waveguide 
track for mainly transmitting the signal of RFs, such as microwave and a millimeter wave, and it. 

[Description of the Prior Art] Conventionally, as a track for transmitting the signal of the RF of 
microwave or a millimeter wave, the coaxial track, the waveguide, the dielectric waveguide, the 
microstrip line, etc. are known. 

[0003] Moreover, by recently, in the wiring circuit, two or more tracks where kinds differ are arranged, 
the joint technology of these mutuals is needed, and various methods also as the joint method are 
reported. For example, combination of a coaxial track, a waveguide, or a dielectric waveguide inserts the 
signal line of a coaxial track into a waveguide, and is combined. In addition, combination with the strip 
line and a microwave track is performed by the electromagnetic coupling. 
[0004] „ 

[Problem(s) to be Solved by the Invention] It continues till recently, and to form a dielectric waveguide 
with laminating technology in the wiring substrate of multilayer structure is desired, for example, a 
dielectric substrate is pinched by the initiative body whorl of a couple in JP,6-5371 1 ,A, and the 
waveguide track in which the side attachment wall was formed is proposed by the Bahia hall group 
arranged in the biseriate which connects between conductor layers further, the false conductor according 
[ this waveguide track ] the four way type of dielectric materials to the initiative body whorl and the 
Bahia hall group of a couple - surrounding with a wall ~ a conductor - let the Kabeuchi field be a track 
for signal transduction 

[0005] When mainly using as the transmission line of the ceramic multilayer substrate for microwave 
and millimeter waves, or a semiconductor package, the laminating type dielectric-waveguide track 
arranged in the interior of such a wiring substrate Although it is possible to connect through the 
microstrip line and coplanar track which are formed in a substrate front face in order to connect with IC 
element and the RF element which were mounted in the substrate front face Until now, the present 
condition was that the joint structure of the above-mentioned laminating type dielectric-waveguide track 
and other transmission lines is not examined concretely. 

[0006] However, there are the following troubles in the track of these former. First, although the strip 
line or a microstrip line is very simple for the composition and it is suitable for production by lamination 
technology, there is a trouble that a transmission characteristic deteriorates, with a millimeter wave band 

30GHzormore. . . 

[0007] On the other hand, although the waveguide is very excellent in the transmission characteristic, 
there is a fault that it is large in size. For example, even if it is standard 60GHz rectangular waveguide of 
**, the bore is too large for being 3.76mmx 1 .88mm and applying to the multilayer substrate or 
semiconductor package for microwave or millimeter waves. On the other hand, when the dielectric 
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waveguide with which the dielectric was got blocked in the interior sets specific inductive capacity of a 
dielectric to epsilon, waveguide size is l/epsilonl/2. Since it becomes, size of a waveguide can be made 
small by using a dielectric with large specific inductive capacity, however - fundamental -- the outside 
of a dielectric -- a conductor -- since it needed to be covered with the wall, it was difficult to produce 
with lamination technology _, „.„ ... . 

[0008] Moreover, the waveguide track using the dielectric substrate shown in JP,6-5J71 1, A is excellent 
in the point of aiming at improvement in productivity while attaining the unification with a dielectric 
substrate and a waveguide. However, there was a problem of changing a transparency property by slight 
change of the frequency to be used. Moreover, the frequency to be used is restricted, m order to apply to 
a multilayer substrate or a semiconductor package, when the specific inductive capacity of a dielectric 
substrate is low. For example, it is unrealizable, unless it is RF region about 100GHz or more, in order 
to set transmission-line width of face to 1mm or less. Moreover, since many dielectric substrates had the 
large dielectric dissipation factor, even if they took waveguide structure, they had the trouble that 
dielectric loss was large. , . 

[0009] Therefore, the purpose of this invention can be used as the transmission line in a multilayer 
substrate or a semiconductor package, and is to offer a producible dielectric-waveguide track and a 
wiring substrate easily using lamination technology. 

[0010] . ., , . 

[Means for Solving the Problem] a part of initiative body whorl [ in / a dielectric-waveguide track / as a 
result of artificers' repeating examination about the joint structure of a laminating type dielectric- 
waveguide track and other transmission lines ] - a slot - a hole - forming - this slot ~ it finds out that 
it is combinable by confronting other transmission lines through a hole 

rOOll] Namely the initiative body whorl of the couple by which the dielectric-waveguide track of this 
invention was formed in parallel on both sides of the dielectric, The Bahia hall group of the bisenate 
formed so that between the aforementioned initiative body whorls might be electrically connected in the 
direction of signal transduction at intervals of below a cutoff wave length is provided, the slot for 
making one [ at least ] initiative body whorl carry out an electromagnetic coupling to the RF 
transmission line in the dielectric-waveguide track which transmits an electrical signal by the waveguide 
field surrounded by the aforementioned initiative body whorl and the aforementioned Bahia hall group - 
it is characterized by forming a hole 

[0012] moreover, the wiring substrate possessing a dielectric substrate, the aforementioned dielectric- 
waveguide track, and a microstrip line ~ setting - one [ at least ] initiative body whorl of the 
aforementioned dielectric-waveguide track - a slot - a hole forms - having - the aforementioned 
microstrip line - the aforementioned slot - it is characterized by carrying out the electromagnetic 
coupling of the aforementioned dielectric-waveguide track and the aforementioned microstrip line by 
forming in the position which stands face to face against a hole 

[0013] moreover, the wiring substrate possessing the aforementioned dielectric-waveguide track and a 
coplanar track - setting - one [ at least ] initiative body whorl of the aforementioned dielectric- 
waveguide track - a slot - a hole forms - having - the aforementioned coplanar track - the 
aforementioned slot - the initiative body whorl in which the hole was formed - the aforementioned slot 
- it is characterized by carrying out the electromagnetic coupling of the aforementioned dielectric- 
waveguide track and the aforementioned coplanar track by making it connect with a hole 

[Embodiments of the Invention] Hereafter, this invention is explained, referring to a drawing. Drawing 1 
is an outline perspective diagram for explaining one example of the dielectric-waveguide track of this 
invention. As for a dielectric substrate, and 2 and 3, in drawing 1 , 1 is [ an initiative body whorl and 4 ] 

the Bahia halls. , . , _ , - . 

[0015] According to drawing 1 , on both sides of the dielectric 1, the initiative body whorls 2 and 3 ot a 
couple are formed in parallel with the predetermined interval a. The initiative body whorls 2 and 3 are 
formed in the whole surface of the vertical side of a dielectric 1 which faces across a track formation 
position at least. Moreover, between the initiative body whorl 2 and 3, many Bahia halls 4 which 
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connect the initiative body whorls 2 and 3 electrically are formed. Bahia hall 4 group has the 
predetermined interval b, and is arranged by the biseriate, and each of the Bahia hall has the 
predetermined interval c in the direction of signal transduction, i.e., the track formation direction, and is 
formed in it. 

[0016] In this structure, although there is especially no limit to the predetermined interval a, in using by 
the single mode, to the aforementioned interval b, it is good to consider as about b/2 and about 2b, and 
the predetermined interval c forms the electric wall by being set as the interval below a cutoff wave 

length. . 
[0017] Since a TEM wave can be spread between the initiative body whorl 2 of the couple set m 
parallel, and 3, if the interval c of the Bahia hall 4 is larger than cutoff-wave-length lambdac, even if it 
supplies electric power to this track in an electromagnetic wave, it will not spread along with the false 
waveguide made here. However, if the Bahia hall interval c is smaller than cover wavelength lambdac, 
an electromagnetic wave cannot be perpendicularly spread to the transmission line, but it will be spread 
in the direction of the transmission line, reflecting. Consequently, according to the composition of 
drawing 1 , the field A of the size of cross-section axb surrounded by the initiative body whorls 2 and 3 . 
and many Bahia hall 4 groups serves as the dielectric- waveguide track 5. 

[0018] in addition, the false conductor arrange Bahia hall 4 group not only in a biseriate but in four 
trains or six trains, and according to the Bahia hall 4 - forming a wall in a duplex and Mie - a 
conductor - the leakage of the electromagnetic wave from a wall can be prevented more 
[0019] Moreover, in this dielectric-waveguide track, it is desirable to form the subconductor layer 6 
which was connected with the Bahia hall 4 which forms the side attachment wall of a waveguide track 
among the initiative body whorls 2 and 3, and was formed in parallel with the initiative body whorls 2 
and 3. If it sees from the interior of a waveguide track by formation of this subconductor layer 6, the side 
attachment wall of a track can heighten the shielding effect of the electromagnetic wave from [ from a 
bird clapper ] a track in the shape of [ fine ] a grid by the Bahia hall 4 and the subconductor layer 6. 
[0020] moreover, the slot which does not form a conductor at least in one side among the initiative body 
whorls 2 and 3 in the above-mentioned dielectric-waveguide track according to this invention - a hole 7 
is formed this slot - according to [ a hole 7 is formed in the part which faces the field A in the 
waveguide track of an initiative body whorl as a long hole, and ] drawing 1 ~ a slot - it is formed so 
that the longitudinal direction of a hole 7 may become the direction of a waveguide track, and parallel 
and the slot formed in the initiative body whorl 2 - a microstrip line 8 forms in the position which 
stands face to face against a hole 7 as the RF transmission line - having - this slot - the 
electromagnetic coupling of the waveguide track 5 and the microstrip line 8 is carried out through a hole 
7 

[0021] In this joint structure, if a in the dielectric-waveguide track 5 and b are made the relation of 
a**2b, it will become the waveguide and analogous structure which spread TE10 which makes the 
vertical side of a dielectric 1 the field which becomes electric field and parallel as the dominant mode, 
and the mode near a TEM wave will spread by the microstrip line 8 in the joint structure of drawin g 1 . 
therefore - if wavelength of the electromagnetic wave made to spread is specifically set to lambda - the 
length from the center of the slot of a microstrip line 8 to a track edge - about lambda/4 and a slot if 
the longitudinal direction length of a hole 7 is made about into lambda/2, an electromagnetic coupling 
can be carried out to the waveguide track 5 

[0022] the joint structure according [ drawing 2 (b) which is the X-X' cross section of drawing 2 (a) 
which is the plan of above-mentioned drawing 1 and drawing 1 , and drawing 2 (a) ] to the TE10 mode 
of a microstrip line 8 and the waveguide track 5 it is - this RF transmission line 8 - superficial - 
seeing - a slot - it is formed so that the direction of the transmission line may cross right-angled in the 
center section of the waveguide track to the longitudinal direction of a hole 7 And if length d with the 
edge of a microstrip line 8 and the waveguide track 5 is made about into lambda/4, with the electric 
wave which progressed to above [ of drawing ], the electric wave (electric wave to which drawing 
progressed caudad) which was reflected at the end and became an opposite phase will be in phase, and 
will be added, and a good property will be acquired. 
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[0023] Moreover, drawing 3 is the joint structure by the TM1 1 mode of a microstrip line 8 and the 
waveguide track 5. it is shown in the plan of drawing 3 (a), and the Y-Y' cross section in drawing 3 (a) - 
as ~ a slot - it forms so that the longitudinal direction of a hole 7 may become right-angled to the 
direction of a track of the dielectric-waveguide track 5 - having - a microstrip line 8 - a slot ~ it is 
formed so that the direction of the transmission line may cross right-angled in the center section of the 
waveguide track to the longitudinal direction of a hole 7 and a slot - if length e of a hole 7 and the edge 
of the waveguide track 5 is made about into lambda/4, a good property will be acquired like the case in 

the TE10 mode . 
[0024] the structure shown in drawing 1 or drawing 3 -- a dielectric-waveguide track and a microstrip 
line ~ electromagnetism ~ it is combined-like and transfer of the signal between both line ways is 
attained And the microstrip line formed in the front face of the above-mentioned wiring substrate, and 
IC element and the RF element mounted in the wiring substrate front face are electrically connected as a 
wiring substrate, and the transfer of a signal with IC element or the RF transmission line of a RF 
waveguide track is attained through a microstrip line according to drawing 1 or junction structure with 
drawing 3's . . 

[0025] Next, drawing 4 shows the joint structure by the TE10 mode of a waveguide track and a coplanar 
track, (a) is a plan and (b) is the X-X* cross section, the slot which becomes the initiative body whorl 2 
from a long hole according to drawing 4 - the hole 9 is formed in the direction where a longitudinal 
direction is parallel to the direction of a track of the waveguide track 5 moreover, the coplanar track 9 -- 
SUROTSU -- the slot which is formed in the initiative body whorl 2 in which the hole 9 was formed, 
and was formed in the initiative body whorl 2 - it is connected so that it may intersect perpendicularly 
with a hole 9 

[0026] Moreover, drawing 5 shows the joint structure by the LSE mode of a waveguide track and a 
coplanar track, (a) is a plan and (b) is the Y-Y' cross section, the slot which becomes the initiative body 
whorl 2 from a long hole according to drawing 5 - the hole 9 is formed in the direction where a 
longitudinal direction is perpendicular to the direction of a track of the waveguide track 5 moreover, the 
coplanar track 10 - SUROTSU - the slot which is formed in the initiative body whorl 2 in which the 
hole 9 was formed, and was formed in the initiative body whorl 2 ~ it is connected so that it may 
intersect perpendicularly with a hole 9 

[0027] the structure shown in drawing 4 and drawing 5 - the dielectric-waveguide track 5 and the 
coplanar track 10 - electromagnetism - it is combined-like and transfer of the signal between both line 
ways is attained And as a wiring substrate, the above-mentioned coplanar track is electrically connected 
with IC element or a RF element, and the transfer of a signal of a RF waveguide track is attained 
through a coplanar track according to junction structure with the aforementioned coplanar track. 
[0028] Since it becomes a dielectric waveguide, when specific inductive capacity of a dielectric 1 is set 
to epsilon according to the above-mentioned waveguide track, waveguide size is l/epsilonl/2 of the 
usual waveguide. It becomes a size. Therefore, waveguide size can be made small and becomes the size 
which can be used as the transmission line of the multilayer-interconnection substrate or semiconductor 
package in which wiring is formed with high density, so that material with large specific inductive 
capacity constitutes a dielectric 1 . 

[0029] If it has the property which functions as a dielectric and does not bar transfer of a RF signal as a 
dielectric 1 in this invention, although it does not especially limit, the dielectric 1 from the point of the 
precision at the time of forming a track and the ease of manufacture has ceramics to a desirable bird 
clapper so that it may mention later. . ... 

[0030] Although the ceramics which have various specific inductive capacity as dielectric ceramics until 
now are known, in order to transmit the signal of a RF on the waveguide track of this invention, as for 
dielectric ceramics, it is desirable that they are paraelectrics. Generally this is because as for ferroelectric 
ceramics dielectric loss becomes large in a RF field and transmission loss becomes large. Therefore, 
four to about 1 00 are suitable for the specific inductive capacity of a dielectric substrate. 
[0031] Moreover, when it uses so that the upper part may become the electromagnetic-field distribution 
rolled in parallel with an H plane, i.e., the field of the upper and lower sides of a magnetic field, using 
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the material of specific inductive capacity 100 since the line breadth of the wiring layer generally 
formed in a wiring substrate or a package was 1mm at the maximum, the minimum frequency which can 
be used is computed with 15GHz, and is that a microwave range can also be used. On the other hand, 
although a resin is generally used as a dielectric substrate, since specific inductive capacity is about 
about two, when line breadth is 1mm, it cannot be used unless the dielectric which consists of this resin 
is about 100GHz or more. 

[0032] Moreover, all paraelectrics cannot be used although there is much what has a very small 
dielectric dissipation factor in such paraelectrics ceramics like an alumina and a silica. In the case of a 
waveguide, there is almost no loss by the conductor and most losses at the time of a signal transmission 
are losses by the dielectric. The loss alpha by the dielectric (dB/m) is expressed as follows. 
[0033] 

alpha=27.3 and tan delta/lambda / {l-(lambda/lambdac) 2} 1/2 The inside of a formula, and dielectric 
dissipation factor lambda of a tandelta:dielectric : dielectricity -- wavelength in the living body and 
lambdac : if it applies to the rectangular-waveguide (WRJ series) configuration by which cutoff-wave- 
length standardization was carried out - {l-(lambda/lambdac) 2} 1/2 of several 1 inside It is about 0.75. 
Therefore, in order to carry out to below the transmission loss -100 (dB/m) that may ** to practical use, 
it is required to choose a dielectric so that a relation with the two following may be materialized. 
[0034] f is frequency (GHz) to be used among f-epsilon 1 / 2, and tandelta<=0.8 formula. 
[0035] The dielectric-waveguide track shown in drawing 1 or drawing 5 is easily producible by the same 
method as ceramic multilayering technology. For example, a sheet-like Plastic solid (green sheet) is 
produced for the ceramic powder which can form a dielectric 1 by the doctor blade method or the 
rolling-out method. 

[0036] And the Bahia hall which prints metallizing ink according to the conductor pattern of each class 
according to each layer, and forms the side-attachment-wall section of a dielectric-waveguide track is 
formed with punching, laser, etc. to the green sheet, and it is filled up with metallizing ink in the hole. 
Thus, the waveguide track and wiring substrate of this invention can be formed by an initiative body 
whorl, a subconductor layer, and the Bahia hall carrying out alignment of the green sheet of formation 
**** plurality, carrying out a laminating, and carrying out simultaneous baking of these. 
[0037] When manufacturing with this simultaneous baking technology (for example, when dielectric 
ceramics are aluminas), an initiative body whorl, a subconductor layer, the Bahia hall, and the RF 
transmission line are formed by refractory metals, such as W and Mo, and, in the case of a crystallized 
glass etc., dielectric ceramics should just form an initiative body whorl, a subconductor layer, the Bahia 
hall, and the RF transmission line with copper, silver, etc. 
[0038] 

[Effect of the Invention] according to [ as explained in full detail above ] the waveguide track of this 
invention - a part of initiative body whorl - a slot - by forming a hole, an electromagnetic coupling can 
be easily carried out to other RF transmission lines, and transfer of a signal is attained And by being able 
to apply the conventional ceramic laminating technology, and being able to produce easily, and using 
ceramics with high specific inductive capacity, the waveguide track and wiring substrate which have this 
structure can be enough applied to a multilayer-interconnection substrate, a semiconductor package, etc. 
of high-density wiring, and can form the waveguide track of the property stabilized from the microwave 
to the millimeter wave. 



[Translation done.] 
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♦NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is an outline perspective diagram for explaining the joint structure in the TE10 mode of 
the waveguide track and microstrip line in this invention. 

[Drawing 2] They are the (a) plan of the joint structure of drawing 1 , and the X-X' cross section of (b) 
and (a). 

[Drawing 3] They are the (a) plan for explaining the joint structure in the TMl 1 mode of the waveguide 

track and microstrip line in this invention, and the Y-Y' cross section of (b) and (a). 

[Drawing 4] They are the (a) plan for explaining the joint structure in the TE10 mode of the waveguide 

track and coplanar track in this invention, and the X-X 1 cross section of (b) and (a). 

[Drawing 51 They are the (a) plan for explaining the joint structure in the TMl 1 mode of the waveguide 

track and coplanar track in this invention, and the Y-Y' cross section of (b) and (a). 

[Description of Notations] 

1 Dielectric Substrate 

2 Three Initiative body whorl 

4 Bahia Hall 

5 Waveguide Track 

6 SubConductor Layer 

7 and 9 a slot - hole 

8 Microstrip Line 
10 Coplanar Track 



[Translation done ] 
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DRAWINGS 




[Drawing 21 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



12/12/2003 



Page 2 of 3 




5 

[Drawing 4] 
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»ft4«K3i»tt»EI£$-H, i-ftibffilllWOlS-e-a*** 

rS«cO*S-&li, l^tt^K<0«^-Sr#ffl£-WrtU}f ALT 
ti4 0 to*, -7-r->orSHK 

[0 0 0 4] 

t5CtA f aijltfeO, WAtf, t$^¥6 - 5 3 7 1 
l-sf-Kis^rii, ito±i»#Ji-ctt*, 
■? e> iz ag-ftil M 4- 4 - 9) K BCtS: $ fi tz / < ^ T * - 
*Si:±ot, AOS * jgft L Ttigifc-ff &B&;!>*tS3g $ fir 

mfrm k^r-t-ivscis ^-ffiiw ft*fr^r-BB tf - 

r-*4 0 

[ooo5] z\<d± n ft se-^*«<75 sets sti 4 « 
20 sMwitm^^-ff^Ks-, icv^^nttt/?';* 

iM^t LTfflv>£±T, *«-mffitiH^-?-a^ I C* 

■r -s it #1***, itiit?, ieoiian 
*^Wtc^it-?nrv->ftv-.<D**a^r*>o^ 0 

[0 0 0 6] L^L, d*nb^O«IKlC(±, >£<r>3L7 
ftWffl.*r^*4 0 i-f, * h »; > "/SSffiS 7tl±v-f n 
30 ^ I- U y y«u»»4-e-o«ft3S«*# «B-ffcS#j 
K.fc4fpgac-@Lrv-.4 7!> s \ 3 0 G H z &.±.<0 $ U 
r* lifiga»tt-4»*-ffc+4 tv»-j WH^C*** 4 o 

[0 0 0 7] *»-tf»±fe:BS1*teKiJV-.T#*K« 
•Hrv^47» ? , ■9-'TX6tJ^A#v^i:i^X*3» ? *4 0 ii 

6 o gh zmnmmm^^eM^^h^x *>*<d 

F*9gl±3. 76mmXl. gBmmT^I), 70n$ 
i tzlt I ') «ffl«#li«il.t>li*ifr! y yi: 
4Uli7C§-T ?4„ ctilc^Lr, -€-<7>l*)SBH§! 

40 tt4t, Sifc-ff-'MXHt 1 /e 1/2 tft4cor, itm 
m#^|-1liJli-»^r«-b-}xri/^4-£-^*4^*, m 

mimmizj: y)itmi-z>mmm-c~t>^tzo 

[0 0 0 8] tfz, fftffl^e - 5 3 7 1 1 -^rizmZHX 

^zmmi*&tiL*m^tzmwL l g&!&&. 

WL*Bt<r>-1Mtt:mz>ttt>\z, ±S14<0|6]±^gl4 t 

*r-sii3t'{><Dr-ab4„ l-^u ttffl-riffiatjsto 
*>r se»u «t c rjgi§#i47j*ggi&-r 4 1 ^ o 

50 iofco »*fls*«OJt«l**3i«fi:v»-»^, &m 



3 

t tz It v>r-V\zmm-fZ>tz ft 1= ti , 
1-4BJftS»» t ffi<bit.&o ffilitf, fE^KiHt 1 mmJa 
TCt4fc)6i:i±«)l 0 0 GH zja±©fcJi*«-e4v» 

[0 0 0 9] S£oT, *^^<7)§6Uti, #Ji»K<jb&v> 
y - >* t- J3tt& f£i§iglS& fc LTflJfflojfg"C 

©i&S& t B£&*« frJtftl" -& £ t iz *> h o 
[0 0 1 0] 

[»«*«*-*-■& fc*«o^«l *flft.ii, WSMois 

—UVZ-xu y HLfcflMU :^0 7hM^U, 
fl& wfs£&8& 4 £ t t;± i]^f li;t £ 

[0 0 11] BP*,, *%«0&«ft:#&lfttB(i, §|« 
mm-fh&o izMf&Ztilz-mv/U r*-;i/St 

[0012] t/c, ism#;*ist> fresi«4:^9«i 
g&t, ^4 vrffm&ti&ffi-t&mi&mLkz 

*u»4r«rfE.* d y hiLtnm-r2>&wizMi$.-f2> etc 
i <9 , mmm#-igigL i g&& t mm-? jtuxwyf 

[0 0 13] ifc, l!(r£Blttttift%&MU&i:* n^u- 

ti/;±fMUTlE^D7 h?L J: 
[0 0 14] 

[0015] ana nif , i £ttA.-c#r5eora 

PBa *<>oT-*t<0±*fl:Ji2, 3 d«Fff KJ&JSSilT 
31#ftJl 2 , 3 ti, 1 (T>'pti < £ <b*f»& 



(3) # 1 0 - 1 0 7 5 1 8 

4 

i#§2, 3SCI±« 3E>SW12, 3 fc**A»(c»fit 
)MS«, 0r5eW!Bb fcioTZlFimffiyySit, *o/< 

JS^faKdr^raPH c SrfeoTf^?tl-C^»-2,o 
[0 0 16] ***««KiSV>-C\ 3f5cMIWaU*ti-4 

UtrEHWb (ZWLT, b/28SStli2 bgffifc-ti 

[0 0 17] ¥ffKj3;&*itfc— *tW±^WB2, 3MtC 
l±T EM&^fetST-i &7ti6, /<4" T^-^ 4 WRAPS c 
^iSBfiStfiA c X *) i>±£ CKDttft 

L&v>„ L^U /<4" T^-^raPBc^JI^ftA ci 

stict^-if, f£it^K^[6] iz mm 

£it& 0 %<om%t, BUOfcJSKiiUf, ±H|E#JI2, 
3i3J:U f #S:<0/N*4 , T*-;i'4PlcJ:oTHtit&Bfffi 
20 laxbfflt^ XwSgMA7^S#:i£&»&S& 5 bit 

[0 0 18] ^io, /<>f T^-^4Wtt~^l<D^j:h 
■T, E3?!l*4vM±^Jtzg£tSLr, /M7*-;Mi:j; 

[0 0 19] **»*SI«##«[«*»tc^v»r 

S/^7*-)MtM?Jl, ±j»«:*2, 3tffft: 

t , m$&<Dmms.'<+ r * - 4 t PJ»#:e 6 tc J; o r 

[0 0 2 0] ttz. *%:WK±tU£, ±Kil«fl:#jfe« 
*mt;£tt&±2»#^2, 3 0H^4<tt-S»:» 

?L7I±, ±##WC3*«tfattK«»t4««AtCHi-* 
-SBlcftJLt LT^JSStl, IHltci^lf, ^.n > 
40 7<0&ttft&m%L ! g®&7iftb¥-frlZtt:2>±i 

7L7 kWt^figt:, iSSiftfE3li^6&t LTT-f * n 

r, S&^«1K5 t-rw^o^ h yfm»8 bum.m 

[0 0 2 1 ] *>*»4*S#«jtte*v»T, Rl#fftf« 
K5t:*tt4a, b ^ a ^2 bcora^te-t^iglS^l 
WiTffi^mi^t^Tte^^Sti-^TE 1 0 ^±^e- 

Kt Lxmm-rzmtii'gbmM<omjkb%*), mints 

50 ^iilt-(Ov>f ? d x h >; 7 8 T-li, TEM&K 
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jfiv»*- h'tffcffi-f&o Sot, AfltWKli, <£»£■<*- 
&m.f&WLV>Wi.mZ A tint, -r 4 ? n x h >) v 7"i^SS 

[0 0 2 2] ±ffiH 1 * J: trig 1 <D2pffidT-£>£EI2 

(a) ^^^12 (a) OX-X' BrBH]T-£>.2>gI 2 

(b) 14, v>f^n^hi; y ^jttK8i:!»«eaLtt5i: 
«TE1 Ot-KiaS^itffeot, CKOifcJSifc 

iciiA^imffi) (4, HoJi*faK»^i*»fclBHaffi-c 

[0 0 2 3] * fc, i3l±vf^D^hU7 7*tK 8 t 
5 fcWTM 1 1 KJCiitt^-fliat 1 * 
i 0 M3 (a) <02pffiEli3J;U f BI3 (a) Kj3tt<&Y- 

y' mwmizmztn x ? k, xny h?L7oft^rsj 

7J J i§««:*^*^ 5 Ltlft i: 4 4 J: 

n izMlS. £ ft, v-f^n^hu-y :7"i®S& 8 £ x o y h ?L 
7 <0*#*lRHC*t Lrf£3l*»*|filA«i»a««l»04' * 

gB-ejtA^^i-4 J: o izMf&Ztiio -e-LT, 
h?L 7 fc*Jfc«tfll& 5 S e^/4gSi 

ti t, TE 1 0*- K(75*i-g-i:|W|«^aitf4#tt^# 

e>ft£ 0 

[0024] mmmmsizmLtzmmizx-DX. mm 

-s-sft, mms&mvm-^ofcmitBii&tKio ^lt> 
nm&fct it, «xif, ±f&<r>Eii&mm<o3mizffi.m 

tit I C«f ^^Mf^t tl^MCSSL, [2117b 

Od^F'J-; $-^LT I C SS^^Jfta jftfej** 

[0 0 2 5] El 4 14, iffiffitnyiz-ts 

Kt^TE 1 0*- K U A 4 Ig-g-flfjf £ ^1" & <7)-C 

(a) i±¥®a, (b) i±-e-<7?x-x' gfsiar-^)4o 

?L9t)*, S¥^|6)35 5 «tf 5 <OM?3l6l t f fT^t 
ftlzBl&ZtlX^io ££, 3'/U'-^»K9l±, xn 
? ?L 9 $ ftfc±>IMM 2 U^jS ?*lTi3t), ±* 

#»2i=3B«sfLfc^ny hii9 tmnz-tiiLiizmm 

ZilX^io 

[0 0 2 6] itz. 0 514, fSfMt^yv-ti 
ttfcOLSE*- K^i*tt#«it**i-4<0-e (a) 
l±¥ffi@, (b) 14, fWY-Y' RrB0-e**o us 
KAftlf, £if#Jf2Kl4, ft?L^t>44^n -y h?L9 

g¥*[fi]* f *^ei^K5wiit^*[S]fcse4^[6]ir 



(4) ftfflW- 1 0- 1 0 7 5 1 8 
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Mf$.2tlX^i 0 itz, 3yi/-tMl0li, xn> 
*L9#»*3ftfc±*#J12U«J*SftTi5»K 3E*# 

m2iz%mztifzxa v Ri9 1 tt^-r* j: 0 izmms 

[0 0 2 7] HI 4 £ A OH 5 LfcfllitH iot, |£ 

5 1 3 y u - -rim 1 0 1 liie^ en 
10 &t<Dm£m?tiz±^x, «jg**8fc*«KHi3:/u- 

i-&&ZfrLxm-%<r>fcMii t oI1&t%i<DX'&io 
[0 0 2 8] ±|BO*«e«»^J:*Ltf, 
k4*0-e»«fltlOJt»*-*Srei:-r*i:, SiSlf* 

-rxiia^wig&^coi/c^ 2 o^sk**,, 

WftMBt LTfiJfflBTtg4*§ ?tc44 0 

[0029] *&mz&tf imm.it 1 1 L-ct4, sts# 
ZG-fi fc£>T-abfttf, b *) t>m§.fc-f ii><nxte%^ 

itO^SttOjS** <b l±SSS# 1 l±, -b9 5 y ^X^e>4 
4C tji*MS Lv> 0 

[0 0 3 0] mmW-ky 5 ^ni: Ltli> 

jlv'o d^ti, — mz&mm.fo-t? < y^^i±, 

T-$>4 0 SoT, if «^%«OJtBI 4 - 1 0 Of! 

[oo3i] ttz, -mzmmmfo^^vr-itKMtfL 

Ztlimt$.m<r>miliWL±X'i> l mmX'$,iZ\tfrh, 

itmmmi o o<o*j-*i-^ffiv^, ±«**Ha, b[)*»«#* s 

£\ fflv>j; t«or-#4ft/hcoJlrft®ct± l 5 GH z fc^: 
as ft, -^^^D^iST'tflJfflnTligtiSo —tj, - 

40 ^h^imm.m±itmm,m^2m&x-$,itctt>. 

tflmm^Wj'k, m 1 0 0 GH zVX±.Xt£^tmmiri 
Z.ttfX'£%^ 0 

[0032] ifc, i«io^fiS#-t7^7 7^(0 

+ T^5-7-, ->'J 77^(0 4 -9 »Ci|«iE«3ft«*#U 

*t**i„ mmmzxiim^a (dB/ m ) (4, te<o 

4 i H^Sft^o 
50 [0 0 3 3] 



7 

a =27. 3 - t a n 5 / A / |1- ( A / A c ) 2 I 1/2 

tana: mnfovwmiEm 

a : l^tfc^&ft, 
a c : &Br& ft 

a«Mfc«iifcffi»*** (wrjv'j-x) Mm~m-r 

4 t , » 1 11- ( A / A c ) 2 I 1/2 liO. 75 

SKT-ab&o &oT, SSfflfc#L»* 1 0 0 

(dB/ra) ElTKi-ifcli, TES^WMflbWatitl- 

[0 0 3 4]'f • s 1/2 • tani^O. 8 10 
5£<K f lifem-t&mWL&. (GHz) f*So 

[0035] mmmm5i l zmLtzmw.#mwL i g&& 

[0 0 3 6] ■€• LT X -e-CO^'J-Vv- McttL.T, * 
ft-^tlCDJf KlStT^ ?7^fX-f >9Z&m<r>&ft.'*9 

* - ;w ti ^ v - > -> - h £ fefi-S- fr-fr L 

[0037] zv>mf%&is.&ffi\ l z£oxm&-t z>m&. 

7 < y ?X»7^-t7 5 v 7 ^<D^^\Z\.t, ±ig 30 
[0 0 3 8] 



#P^¥ 1 0 - 1 0 7 5 1 8 
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•^xfiftf^ itffl LTfl »cft «i- •£> - 1 tftt # , 

[HI1] *»WKU»t*#ifeff«»tv-f ^n^ by y 

[0 2] ®l<Dm&m&<a (a) ¥B5H, (b) (a) 
<7)X-X' illt^So 
[S3] Kim i:v>f h •? 

(a) ¥ffiHJ3iC/ (b) (a)OY-Y' IBrMUT** 

-2) o 

[ni4] *fkm\z&if&mwL&miiit*-?u—}-mRb 

OTE 1 0*- K<0tt^»iS*«Wi-4Jt*<>O (a) 2p 
ffidfcj;^ (b) (a) OX-X' Brffi HI 

[EI5] *»WUii»t i: 3^l/-t«IBk 
<OTMl 1 K<0^«ig«rSiW-t*^*!>«0 (a) ¥ 
ffiHUsJ:^ (b) (a) <DY-Y' wmm-t'&Zo 

i 

2, 3 ±*#Jf 
4 AM7*-* 

5 

6 m>£#@ 

7,9 X D -7 h ?L 

8 70n^h'j7« 
1 0 3-7*l^-^^S& 
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